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OPERATION SYNTHESIS SYSTEM 

This application is based upon and claims the bene?t of 
priority from Japanese patent application No. 2006-248678, 
?led on Sep. 13, 2006, the disclosure of Which is incorporated 
herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to an operation synthesis 

system for automatically creating, by transforming an opera 
tion in a program, particularly, a program described in a 
high-level language such as C language; a hardWare descrip 
tion to implement the operation. 

2. Description of Related Art 
Japanese Patent Laid-Open Publication Ser. No. 2004 

326463 describes an example of an operation synthesis sys 
tem. The conventional system includes a Control Data FloW 
Graph (CDFG) creation module, a scheduling module, an 
allocation module, a data path creation module, and a con 
troller creation module. 

To convert or to pipeline a loop part of a program into a 
pipeline part, the operation synthesis system operates as 
beloW. 

The CDFG creation module is disposed to create a control 
data How graph using a description of operation in a C lan 
guage program or the like including loop processing and 
non-loop processing. The CDFG creator identi?es the loop 
part and the non-loop part. The loop part is controllable by a 
loop controller. The loop controller includes a shift-register 
function for a number of bits equivalent to the number of 
stages of the pipeline and makes it possible to execute loop 
processing of Which the iteration of loops is not determined in 
the operation synthesis phase. 

Description Will noW be given of problems of the conven 
tional operation synthesis system. 

It is dif?cult to create pipeline processing based on loop 
processing including a break statement and/or a do-While 
statement described in C language. 

In the conventional technique, the loop including above 
description is converted into a loop description not including 
the break statement and the do-While statement to create 
pipeline processing for concurrent operation. HoWever, it is 
required to transform also the algorithm and hence a large 
number of operation steps are necessary to convert the origi 
nal description. 

The dif?culty in the conversion of the loop processing 
including a break statement and/or a do-While statement into 
pipeline processing is as folloWs. To conduct the parallel 
operation of the pipeline processing created using the loop 
part, there is required complex control for the loop leaving 
operation and for the operation in Which part or the entire loop 
is stopped to execute another processing. 

To operate at a high speed a loop description of Which the 
iteration of the loop described in C language is determined in 
the compilation phase, it is dif?cult to create pipeline pro 
cessing using the loop description for higher speed operation 
speed for the folloWing reason. Complicated control is nec 
essary to concurrently execute pipeline processing created on 
the basis of the loop of Which the iteration of the loop is not 
determined in the program description, and hence the opera 
tion speed cannot be easily increased. 

According to the related art of the operation synthesis ?eld, 
a loop description of Which the iteration of loop is not deter 
mined in the compilation phase is implemented using, for 
example, a shift register. Since this scheme employs a con 
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2 
crete hardWare item, i.e., a shift register, it is dif?cult to apply 
the scheme to a paralleliZing compiler. 

SUMMARY OF THE INVENTION 

An exemplary objection of the invention is to provide an 
operation synthesis system, an operation synthesis method, 
and a program stored in a computer-readable medium 
Wherein to increase processing performance per unitary time, 
i.e., throughput, a circuit description of a practical-siZed cir 
cuit to conduct a pipeline operation of a loop description 
Written in a hi gh-level language is automatically created With 
out requiring the user to change the description by herself or 
himself. The loop description includes a description to leave 
the loop at an intermediate point thereof and a description in 
Which part or the entire loop is stopped at an intermediate 
point to execute another processing. 
Operation Synthesis System 
An operation synthesis system according to an exemplary 

aspect of the invention includes a pipeline structure creating 
section that automatically creates, based on a state number 
assigned to a skip statement described in a high-level lan 
guage in a transition to a pipeline operation and the number of 
cycles required to supply a pipeline With one loop designated 
by a user or automatically set by the system, a state transition 
including a loop controller and a loop leaving controller that 
conducts pipeline operation. 
Operation Synthesis Method 
An operation synthesis method according to an exemplary 

aspect of the invention includes a pipeline structure creating 
step of automatically creating, based on a state number 
assigned to a skip statement described in a high-level lan 
guage in a transition to a pipeline operation and the number of 
cycles required to supply a pipeline With one loop designated 
by a user or automatically set by the system, a state transition 
including a loop step and a loop leaving control step that 
conducts pipeline operation. 
Program 
A program stored on a computer-readable medium accord 

ing to an exemplary aspect of the invention causes a computer 
to perform pipeline structure creation processing for auto 
matically creating, based on a state number assigned to a skip 
statement described in a high-level language in a transition to 
a pipeline operation and the number of cycles required to 
supply a pipeline With one loop designated by a user or 
automatically set by the system, a state transition including a 
loop controller and a loop leaving controller that conducts 
pipeline operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention Will 
become more apparent from the consideration of the folloW 
ing detailed description taken in conjunction With the accom 
panying draWings in Which: 

FIG. 1 is a schematic block diagram shoWing a con?gura 
tion of a ?rst exemplary embodiment in accordance With the 
present invention; 

FIG. 2 is a ?owchart shoWing operation conducted in the 
?rst exemplary embodiment; 

FIG. 3 is a diagram shoWing an ordinary state transition 
created using a loop description and a state transition (DIIIl, 
2) of pipeline structure in the ?rst exemplary embodiment; 

FIG. 4 is a diagram shoWing in detail the basic pipeline 
structure of DIIIl generated using a loop description of the 
?rst exemplary embodiment; 
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FIG. 5 is a diagram showing in detail the basic pipeline 
structure of DII:2 produced on the basis of a loop description 
of the ?rst exemplary embodiment; 

FIG. 6 is a diagram showing in detail the pipeline structure 
of DIIIl generated using a loop description including 
“break” of the ?rst exemplary embodiment; 

FIG. 7 is a diagram shoWing in detail the pipeline structure 
of DII:2 produced using a loop description including “break” 
of the ?rst exemplary embodiment; 

FIG. 8 is a diagram shoWing in detail the pipeline structure 
of DIIIl generated using a loop description including “do 
While” of the ?rst exemplary embodiment; 

FIG. 9 is a diagram shoWing in detail the pipeline structure 
of DII:2 produced using a loop description including “do 
While” of the ?rst exemplary embodiment; 

FIG. 10 is a block diagram shoWing a con?guration of a 
second exemplary embodiment in accordance With the 
present invention; and 

FIG. 11 is a ?oWchart shoWing operation conducted in the 
second exemplary embodiment. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Referring next to the accompanying draWings, description 
Will be given of a ?rst exemplary embodiment in accordance 
With the present invention. 

Referring to FIG. 1, in the operation synthesis system, a 
computer (a central processing unit, a processor, a data pro 
cessing apparatus) 100 that operates under control of a pro 
gram includes a CDFG creator 110, a scheduler 120, an 
allocator 130, a state transition creator 140, a pipeline struc 
ture creator 150, and a Resistor-Transistor Logic (RTL) cre 
ator 160. 

The CDFG creator 110 produces a Control Data FloW 
Graph (CDFG) including information capable of identifying 
that the associated description is a loop description. The loop 
information also includes a designation item regarding “user 
designated pipeline creation is to be conducted or not”. The 
CDFG is also created for a go-to statement and/or a do-While 
statement, the CDFG being capable of identifying each asso 
ciated statement. 

The scheduler 120, the allocator 130, and the state transi 
tion creator 140 may be con?gured Without giving consider 
ation to the pipeline creation. 

In the pipelining operation, the pipeline structure creator 
150 generates a pipelined state transition, a stage ?ag con 
troller, and a loop leaving controller on the basis of DII 
designated by the user or automatically determined by the 
system and state numbers respectively of the go-to statement 
and the do-While statement generated by the state transition 
creator 140. 

The RTL creator 160 produces an RTL description based 
on the state transition generated as above. 

Referring next to FIG. 2, description Will be given of opera 
tion. 

First, the system receives as an input a program language 
such as C language described by a user, and then the CDFG 
creator 110 accordingly generates a control data How graph 
(step A1). 
The scheduler 120 then conducts a scheduling process 

(step A2) and the allocator 130 allocates registers and arith 
metic units (step A3). 

The state transition creator 140 produces a state transition 

(step A4). 
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4 
Next, the pipeline structure creator 150 transforms the state 

transition structure produced by the state transition creator 
140 into state transition structure capable of conducting a 
pipeline operation (step A5). 

Finally, the RTL creator 160 produces a description in the 
RTL language (step A6). 

In the embodiment, the skip statement i.e., the break state 
ment and the repeat statement, i.e., the do -While statement in 
the loop are scheduled so that the state transition creator 140 
produces a state transition not conducting the pipeline opera 
tion. By use of the state number in the state transition creator 
140 and DII designated by the user or automatically created 
by the system, the state transition is transformed into a con 
troller capable of conducting the pipeline operation. There 
fore, it is possible to convert each of the break and do-While 
statements into RTL capable of carrying out the pipeline 
operation. 
The computer 100 holds therein the input items such as a 

loop description, a loop leaving description, and a loop stop 
description in an identi?able form. To describe a loop in, for 
example, C language; the While statement, the for statement, 
and the do -While statement are employed. An identi?er is 
assigned to each loop description so that the loop is identi?ed 
When the loop is converted into an internal expression. 
The loop leaving description is Written in, for example, C 

language by use of the break statement and the go-to state 
ment. A description equivalent to the loop leaving description 
is also generally expressed using “break” and “go-to”, and 
then the go-to statement is converted into an internal expres 
sion in an identi?able form. 

For example, in C language, the function in Which part or 
all of loop processing is temporarily stopped to execute 
another processing While the loop processing is stopped is 
described by using the do-While statement. The loop process 
ing Written by use of the do-While statement is transformed 
into an internal expression capable of identifying a loop con 
dition and a body part of the do-While statement. 

If the pipelining is designated for the state transition of the 
loop description generated by the state transition creator 140, 
the pipeline structure creator 150 converts the state transition 
into a state transition capable of conducting a pipeline opera 
tion. For the go-to statement and the body part of the do-While 
statement, the pipeline structure creator 150 produces, using 
the state numbers in the original state transition, a state tran 
sition for pipeline operation to Which a stage ?ag controller 
and a loop leaving controller are added and in Which the loop 
leaving is possible from an intermediate point of the loop and 
part or all of the loop is interruptible. 
The pipeline structure may be in general stepWise altered 

from a large-siZed circuit executing high-speed processing to 
a small-siZed circuit executing loW-speed processing. Also in 
the loop description including the go -to statement and the 
do-While statement to be processed in the operation synthesis 
system, the user may designate the variation of the pipeline 
structure. The system generates the pipeline structure accord 
ing to the desire of the user. 
As a parameter to alter the processing speed of the pipeline 

structure in the operation to pipeline a loop, Data Initiation 
Interval (DII) is employed to represent the number of cycles 
necessary When one loop operation is supplied to the pipeline. 

For the state transition of the pipeline structure, the state is 
divided for each DII beginning at the ?rst state of the loop to 
obtain DII states. A group of DII states is called a stage. 
The DII groups are sequentially assigned With numbers as 

a ?rst stage, a second stage, and so onbeginning at the ?rst DII 
group of the loop. 
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The state is folded at eachboundary of the stages to overlay 
states Within the stages so that basic pipeline structure is 
obtained. 

However, for the execution of the respective stages, there is 
additionally employed control in Which a stage ?ag is gener 
ated for each stage to execute the stage of Which the stage ?ag 
is set. 

To the loop in the pipeline structure thus constructed, a 
stage ?ag controller is added to each state of the loop and a 
pipeline leaving controller is added to the loop leaving state. 

FIG. 3 shoWs the basic conversion. The upper-right comer 
of FIG. 3 shoWs structure to conduct the highest-speed pipe 
line operation as designated DIIIl. The loWer-right corner is 
structure to carry out a pipeline operation at a loWer speed for 
DII:2. The stage ?ag controller of the basic structure includes 
an operation to assign the value of the stage ?ag having a 
small number to the stage ?ag With a number obtained by 
adding one to the small number. The pipeline loop leaving 
controller of the basic structure includes an operation to leave 
or exit the loop When all stage ?ags are set to Zero. 

FIG. 4 shoWs the structure of the controller for DIIIl and 
FIG. 5 shoWs the structure thereof for DII:2. 

To transform a loop operation including the go-to state 
ment into structure capable of conducting the pipeline opera 
tion, the folloWing procedures are added to the basic struc 
ture. 

l . A ?ag is generated for each go-to statement in the creation 
of the pipeline structure. 
2. The go-to statement is changed to an operation to set the 
?ag. 
3. A stage number calculated on the basis of the state number 
assigned When the go-to statement is scheduled, a state num 
ber at creation of the pipeline structure, and a ?ag name 
generated using the go-to statement are recorded. 
4. In the creation of the ?ag control part or controller, there is 
additionally employed a control operation to “&” the go-to 
?ag When a stage ?ag of a stage number less than that of the 
go-to statement is produced for the basic structure of the stage 
?ag. 
5 . Apipelined loop leaving control part or controller is created 
to be substantially equal to that of the basic structure. 

FIG. 6 shoWs pipeline structure of DIIIl generated as 
above, and FIG. 7 shoWs pipeline structure of DII:2 similarly 
created. 

To convert a loop operation including the do-While state 
ment into structure capable of conducting the pipeline opera 
tion, the folloWing procedures are added to the basic struc 
ture. 

l. A ?ag is generated for each do-While statement in the 
creation of the pipeline structure. 
2. For the do-While statement, the evaluation value thereof is 
assigned to the ?ag thus generated. 
3. A stage number attained on the basis of the state number 
assigned When the go-to statement is scheduled, a state num 
ber after creation of the pipeline structure, and a ?ag name 
generated using the do-While statement are recorded. 
4. In the creation of the stage execution part With a number 
less than that of the do-While statement, a second condition is 
added to the stage execution control, in addition to a condition 
that the stage ?ag is one, the second control being that the 
do-While ?ag is Zero. 
5. In the creation of the ?ag controller, control is additionally 
disposed so that the creation of a stage ?ag value less than the 
stage number of the do-While statement is carried out only if 
the do-While ?ag is Zero. 
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6 
6. In the creation of the ?ag controller, control is added so that 
if the do-While ?ag is Zero When a stage ?ag value larger than 
the stage number of the do-While statement, the stage ?ag 
value is set to Zero. 
7.Apipelined loop leaving control part or controller is created 
to be substantially equal to that of the basic structure. 

FIG. 8 shoWs the pipeline structure of DIIIl created as 
above and FIG. 9 shoWs the pipeline structure of DII:2 simi 
larly produced. 

In accordance With this embodiment, a program descrip 
tion including a loop leaving description and a description to 
interrupt a loop are processed using a smaller number of steps 
at a higher speed as compared With the conventional art for the 
folloWing reason. According to the conventional art, if it is 
required to process at a high speed the loop leaving descrip 
tion or a description to temporarily stop part or all of the loop, 
the description is required to be modi?ed to execute pipeline 
processing or it is required to modify an algorithm to execute 
pipeline processing depending on cases. 

According to this exemplary embodiment, a circuit is cre 
ated that produces pipeline structure of the loop leaving 
description and a program description including a temporary 
stop of the loop Without any modi?cation thereof. Therefore, 
only by changing the parameters used in the creation of the 
pipeline structure, there can be produced, on the basis of one 
and the same description, a pipeline processing description in 
Which the processing speed and the amount of hardWare 
resources to be consumed are altered for the folloWing reason. 
In the conventional operation synthesis system, the descrip 
tion including a loop leaving description or a description to 
temporarily stop part or all of the loop cannot be automati 
cally transformed into pipeline processing. To obtain an RTL 
circuit description, it is necessary to produce pipeline pro 
cessing on the basis of an RTL description. In the creation of 
such pipeline processing using the RTL circuit description, to 
alter the processing speed and the amount of hardWare 
resources, it is required to modify not only parameters, but 
also the description is to be changed to a considerable extent. 

Next, referring to the draWings, description Will be given in 
detail of the second embodiment in accordance With the 
present invention. 

Referring noW to FIG. 10 shoWing the ?rst exemplary 
embodiment of the operation synthesis system, a computer (a 
central processing unit, a processor, a data processing appa 
ratus) 200 operating under supervision of a program includes 
a CDFG creator unit 210, a scheduler unit 220, an allocator 
unit 230, a state transition creator unit 240, and a Resistor 
Transistor Logic (RTL) creator unit 250. 
The CDFG creator 210 produces a CDFG including infor 

mation capable of identifying that the associated description 
is a loop description. The loop information also includes 
designation regarding “user designated pipeline creation is to 
be conducted or not”. The CDFG is also created for a go-to 
statement and/or a do-While statement, the CDFG being 
capable of identifying each associated statement. 
The scheduler 220 and the allocator 230 are implementable 

Without giving consideration to the pipelining operation. 
The state transition creator 240 generates a state transition 

by use of the information employed in the scheduling. In the 
pipelining operation, the state transition creator 240 produces 
a pipelined state transition, a stage ?ag controller, and a loop 
leaving controller according to DII designated by the user or 
automatically determined by the system and information 
adopted in the scheduling of the go-to statement and the 
do-While statement. The RTL creator 250 generates an RTL 
description on the basis of the state transition generated as 
above. 
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Referring to FIG. 11, description Will be given of opera 
tion. 

The system receives as an input a program language such 
as C language Written by the user. The CDFG creator 210 
generates a control data How graph (step B1). 

The scheduler 220 then carries out a scheduling process 
(step B2). 
The allocator 230 allocates registers and arithmetic units 

(step B3). 
The state transition creator 240 produces a state transition 

(step B4). 
Finally, the RTL creator 260 creates a description in the 

RTL language (step B5). 
According to this exemplary embodiment, the break state 

ment and the do-While statement in the loop are ?rst sched 
uled. By use of the resultantly obtained state number and user 
setting items or DH automatically created by the system, the 
state transition creator 240 generates a controller capable of 
conducting the pipeline operation. Therefore, it is possible to 
transform the break statement and the do -While statement into 
RTL capable of performing the pipeline operation. 

Incidentally, these exemplary embodiments are only favor 
able embodiments in accordance With the present invention 
and may be changed and modi?ed in various Ways Within a 
scope of the present invention. There may also be executed, 
for example, processing in Which a program to realiZe the 
functions of the computer 100 or 200 is read by the constitu 
ent apparatuses to resultantly implement the functions 
thereof. Additionally, the program may be transmitted to 
another computer system via a computer-readable recording 
medium such as a Compact Disk Read Only Memory (CD 
ROM) or a magneto-optical disk or via transmission media 
such as the internet and a telephone communication line using 
a transmitting Wave. 

The present invention is applicable to an operation synthe 
sis system to automatically convert a program Written in C 
language or the like into a description of a high-speed circuit. 
Moreover, the present invention is applicable to an automatic 
paralleliZing compiler or the like in Which a program 
described in C language or the like is replaced by an assem 
bler of a processor capable of executing parallel processing. 

In accordance With the present invention, there is obtained, 
for example, an advantage in Which to increase the throughput 
representing processing performance per unitary time, it is 
possible to automatically transform a loop description in a 
high-level language into a description of a circuit in a practi 
cal siZe for pipeline operation. It is hence not necessary for the 
user to modify the loop description by herself or himself. 
As an embodiment, there is provided in accordance With 

the present invention an operation synthesis system including 
a pipeline structure creating section for automatically creat 
ing, on the basis of a state number assigned to a skip statement 
described in a high-level language in a transition to a pipeline 
operation and the number of cycles required to supply a 
pipeline With one loop designated by a user or automatically 
set by the system, a state transition including a loop controller 
and a loop leaving controller Which are capable of conducting 
pipeline operation. 

While the invention has been particularly shoWn and 
described With reference to exemplary embodiments thereof, 
the invention is not limited to these embodiments. It Will be 
understood by those of ordinary skill in the art that various 
changes in form and details may be made therein Without 
departing from the spirit and scope of the present invention as 
de?ned by the claims. 
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What is claimed is: 
1. An operation synthesis system executed by one or more 

processors comprising: 
a control data How graph creator that produces a control 

data How graph including information capable of iden 
tifying that a part of description is loop description; 

a state transition creator that produces a state transition 
from said control data How graph and gives each state a 
state number; and 

a pipeline structure creator that generates a pipeline struc 
ture from said state transition divided into stages, based 
on a data initiation interval designated by a user or 
automatically set by the system, 

Wherein said pipeline structure creator: 
(1) generates a ?rst ?ag for each of the stages if there is 

a loop description in said state transition; 
(2) assigns an evaluation value to said ?rst ?ag; 
(3) generates a second ?ag corresponding to each of the 

stages; and 
(4) generates a stage execution part of the folloWing state 

of the stage Where said loop description is executed, 
When said ?rst ?ag is false and said second ?ag is true. 

2. An operation synthesis method, comprising: 
producing a control data How graph including information 

capable of identifying that a part of description is loop 
description; 

producing a state transition from said control data How 
graph and giving each state a state number; and 

a pipeline structure creating step that generates a pipeline 
structure from said state transition divided into stages, 
based on a data initiation interval designated by a user or 

automatically set, 
Wherein said pipeline structure creating step: 

(1) generates a ?rst ?ag for each of the stages if there is 
a loop description in said state transition; 

(2) assigns an evaluation value to said ?rst ?ag; 
(3) generates a second ?ag corresponding to each of the 

stages; and 
(4) generates a stage execution part of the folloWing state 

of the stage Where said loop description is executed, 
When said ?rst ?ag is false and said second ?ag is true. 

3. A program stored on a computer-readable storage 
medium storing a program causing a computer to execute a 
method comprising: 

producing a control data How graph including information 
capable of identifying that a part of description is loop 
description; 

producing a state transition from said control data How 
graph and giving each state a state number; and 

a pipeline structure creating step that generates a pipeline 
structure from said state transition divided into stages, 
based on a data initiation interval designated by a user or 
automatically set, 

Wherein said pipeline structure creating step: 
(1) generates a ?rst ?ag for each of the stages if there is 

a loop description in said state transition; 
(2) assigns an evaluation value to said ?rst ?ag; 
(3) generates a second ?ag corresponding to each of the 

stages; and 
(4) generates a stage execution part of the folloWing state 

of the stage Where said loop description is executed, 
When said ?rst ?ag is false and said second ?ag is true. 


